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[57] ABSTRACT

The sequence of cyclomaltodextrin glucanotransferase
(CGTase) gene derived from a microorganism of genus
Bacillus and the amino acid sequence of CGTase are
determined. A recombinant DNA carrying the CGTase
gene is introduced by in vitro genetic engineering tech-
nique into a host microorganism of species Bacillus
subtilis or Escherichia coli. The recombinant microor-
ganism carrying the recombinant DNA autonomically
proliferates to secrete a large amount of CGTase.

25 Claims, 16 Drawing Sheets



U.S. Patent Jan. 11, 1994 Sheet 1 of 16 >,278,059

z 5
FIG. 1 X
. W I
OO
=4
®;
N
3_3 PTCHZ201
g : 215 Pvull
~ (B.62Kbp) 234 Kpn |
X
N S
WA
n
&
~
~N >
-
O
~ B =
r
S &
FI1G. 2 W 7
O
O pTCU21!
e (8.55 Kbp ) Pvufr
3 Kpn ]
3 5,
_ 04
<



U.S. Patent Jan. 11, 1994 Sheet 2 of 16 5,278,059

FIG.3

(DBR322)

| ~ ﬁ%“'
FI1G. 4 S 5
L %]

(pUBIIO)

U
Iy

i
e



Sheet 3 of 16 5,278,059

Jan. 11, 1994

U.S. Patent

90111192VV JVVDHHIOOIV VL VIOVILL L LVIDIVOVVI JDIVOLVYVVYY VIOVLILDOODO
ovs 0ES 0cs o1S 00S o6V

L199LLYIVD DOLYVLYVOIV 1DIOVOIVOD OVVVVODOLVL VLIOL 19D 1V VOOVVVDVOIL
o8t OLY 09t oSt ot ot

19919919011 JIViIVIOVVYID 2299111 JVD LLVLIVVIDD VVVIVVOOVYY VVOOLVIVOD
ocv 13 oot 06¢ 08¢ 0.€

DJ91VOLIDY LLIDOVYIOL 1 1VOLIODVILO JJVIDOLL LL 119000VVVD JOVVVVVOLL
09¢€ 0SE ove Ote 0ce OL€

1VDI999999 DLIVLL DOIV OLVIOOIVID OOLLODIOVY ODIVOLVVOL VOLOLOLL LI
00€ 062 082 022 092 0SZ .

VIOLVVVVOV 191009VILD LLILVDD LVIV DODVOVOLDL DDOLVIVOVI VVLL LVIDOD
ove 0€2 022 012 . 002 061

1VOIVVL LYV VYV 1VVOL V1 VOHOHVYVIDOHL LVOVHOLOODD HLILVIOVYVID JVLLLY VOOV
08!} oL} 091 0Sl1 ovli 0t1!

191VODYILD DYLLLVLIYD HVOOHIOVOID LVVL VVIOLV OVIVVVOOLY DOHIDLL LVOD
ozl oLL o0l 06 08 0L .

LVOOLOVLIODL LYVVILVIOL D11 HIVOVIL VOVLL LOVVV L1OOVVIVVLIL DJ1VVVOILOO
09 0S ot o€ 0c ol

VS "Old




Sheet 4 of 16 5,278,059

Jan, 11, 1994

U.S. Patent

VYOOVOVOVL DOLVIOVLL L V1VVOIOVLD D9DIDIIILY OVOLIVLILVL DIIDLLOVID
0801 001 0901 0501 0boL 0£01

OLYLVODLIDD YVODIDIILY DHVHOVOOHIVD LIVOLVL LLD HIIVOOLY IV HLVIIVVIVD
0201 0LOL 0001 066 086 0.6

V1VOl 1VOVV 1OVVILV D31 OJLIDODVOIVD LVIVOOVILY IDDHIVIVOVY ILIVOLYVVYD
096 056 o6 0£6 026 016

LVVL1Ll 0991 VIDOL LVVIV DOODVOVVIVY IDIODLIVIOV VILDILIOOY YVYIVODILL

006 068 088 0.8 098 0S8

193111 1VDD 10911 1DVOHL VYV HOHLIOVYVYD LVVIIOLLLID VLI LVILVVIOV VYOHIDHIVOHDHLH
ove 0€8 028 018 008 062

VVOLYVVVOV O191i111 DD 1HVHOHOOL 11 DIOVLLIIIODL II1DIIVL IV VIVOL LVOVD
082 0LL 09 ovL

ov9 0€9 029

QVVOVOLVID VVLLOOVODD HOLIOVOLLL DHIJIVVVDIL VILIVODDIY DHOVOVY 1109V
009 065 08S 0.S 095 0SS

gS "Oid



Sheet S of 16 5,278,059

Jan. 11, 1994

U.S. Patent

1VVOVVLOLD D1 191 D19LL DIVVIIONLIID VIVOHIVYOHDI LIDVVOLIOLD VIDODOHIVIVY

0291 019l 0091 06S1 08S1 0.5
VOVVOOOLIY HOVVHOODOLIY HLILVIOVVLID VVILVOLDOD LOVVIDOHHOL VOHLVOHOIVOD
0951 0SS ovS| 0€S1) 02S1L OISt
L19IVO1DDL LVLIIVYIIDD VIOVVVOVIV VOOLOVOVLY ODODLIVIOLD DILDVVYOHDHOHH
00S1. o6l 08t 1 oL 09bl oSyl
DOOVOOVLLD VOL LLVOOLY VL 1DVOLYOD LVVVOLIDDD LOVVILL VYD VIVVVODOIVO
ovvl OtV L g oLl ooVl - 06E

VLLLL D1990 DOL 19DVOLY DDOVIVLVOV VOOVIOVIOV LLIODYOVLIL LVLL ODOLOV
0sEl 0LEl 09€L osel ovEl OEEL

LIVOOL OVLL VVLIDVOOVVD LIDV 1DJLVV L1DDHD LIV LI9IDLL DIV DVVVOODOLL L
0ZE L OLEL 00€1 0621 0821 0.2
OVOVOIOVOL V IDIDIVL DL DIVOIOOLIVY ILVOODLIDID VIVYOOIVLY DIDOLVL 10D
0921 0SZ1 ovei 4] ~ ozzl 0121
VLID09900L VVIOVVYVYOOVD 9010101 101 VIOVVVVYOL LVD LOVVOLY 192909010V
0021 0611 0811 0LLL 0911 0SLL .
LVVVVVL VWO LIVOLIOVOL VOLVOVVIOO LVVOVVVIOL VOOODODOVVLD DHOOVHIVOVL
ObLL OELL 0z OLLL 0011 0601

IS "Dl



Sheet 6 of 16 5,278,059

Jan. 11, 1994

U.S. Patent

JIVLIODLOODODL DIIDIIVYYVYD

oL

0t9l




5,278,059

. . elY <1
sk1 up 4yl dsy 1S [BA 23|I dyd 9ol ely 418S <9}

no [BA 44l [BA
oUd [BA O9ud 48S PO 489S N8 [EA ne] 18§ NhaT dij Buy Diy 9NN <
St v+ ¢ 2 I OF 6 8 L 9 g y € c }

Sheet 7 of 16

L "Old

3 VIO VYV HLLDIIVI 1OVVVYVHVIODD V.IVD 101ViDO
P 00l 06 08 oL
m VIVILLLIVY J91DVLLIVL D11IVOLIDIV 29DVHLL 319V 10DJ.L11 399 1VDOVYVOVOLY
09 0S oV 0€ 02 ot
9 'Oid

U.S. Patent



Sheet 8 of 16 5,278,059

Jan, 11, 1994

U.S. Patent

ney ejy 1w dsy

Wy dsy Jely dsy sIiH usy dsy o)) Uyd 44|

O dsy JA1L ey J8s ey 441 dsy un oj

dAL di} usy dsy Jes usy usy Biy ne _

Ul Al eyd Bay 8yd dsy neq noq i8S e Ao 108 nip <12
USy Bly oyd 441 sj4 usy USY Bly dsy [eA n|oH usy Ny J416S NeT <962
WYd dif 1D 94d Iyl oyd [BA oid Biy ih] usy dsy o nmo <Ltz
dsy jey nen S sA7 uipd dig A ayyg Old 19N SIH 847 |epA e|y <92zzZ
dsy e Biy o A dsy o) Ao I8N dsy o) dif je SA7 jep <Lz
Bly dsy sA7 neq i} Biyv dsy o) |eA oug USYy Uu|9 s;§ usy neT <96l
dsy ey ne7 dsy ayd o7 usy Div JAL o) A dsy nn neq 188 <81
9S8 84d 4yl yy AH A usy SIH SIH oyd 4AL BN usy ey dsy <991
USy Jyr 4L A A neq ne7 Jyi A® usy dsy 44} N7 Biy Ap <16}
USY NI e 14} Jeg Oid Usy Jyjy nin 198 ey 04d 9§ 4yl SIH <9¢l
ISV Oid Bly eyd dsy ey a1 jeA shA7 o SA
Bly dsy |ep neq Buy Ul 8yd dsy Jtag neq 4y
USY Oid sA7 sA7 ayq dsy Buy Bly dil 1A} A sIH

S A9 Jes ey dsy usy oW jep 195 34d [eA usy niH jeA oud <9z
O 488 o)l duy 9 ey ayy [BA AD 1B\ dsy Yyl ndN AL AP <|9
sy Usy o) SAT usy o oy AD up diy dsy A An shy 1AL <ot
A7 Biv ne1 usy 4yi sAH AlD Jog Jseg ayd naq ely Ay seg Old <L
USY usy Jes 4yl usy An dsy |ep ay4 buy dsy JEA |BeA 9} up <gi
AL Jep  jeA dsy Jos 4yl oyq4 USY |eA sA7 usy neq usy A ey <y
Gl Pk €L 21 1L 0oL 6 g L 9 S ¢ € 4 }

V8 "Did



Sheet 9 of 16 5,278,059

Jan, 11, 1994

U.S. Patent

_ usy ujr) dij dsy [BA <919

o)l 9| sA7 A aylL Jyl usy Iyl Oid YL JylL JAL [eA SIH USY <|99

18 A 1098 n dil 4yl A usy AH up Jesg dsy sA7 sA7 9| <919
ayd SA7 oud NP a1 yiL shi1 AD NP oid |BA J8S |eA dsy O] <IE9
K] diyp ayip oid JAL 19 JAL |eA IBA Uu|D usy 3aud @OW O0id AD <919

off ey SA71 195 4yl dsy dif usy A na n® AL BA usy A|D <109
leA o)l JAL 9| usy umm AH na7 usy Jyl Jyi ey usy usy |BA <98S
leA 9yd Biy |eA 189S |epA u|p dsy usy Jyi na [eA ND oYd usy <iLiS
dsy 4AL ey ey 485 Myl um AH J8g 43§ 89S UH [BA Yl 9| <9S§

10§ |eA usy Oid [eA BlY [BA [eA @I ulD <IvS

usy A1 sA1 A|D oud
Bly 4yl 4yl A oyd sA7 <92S

usy usy JeS dil 189S |BA [|BA UuUsSy eBlY

[BA 2yl AD yL usy ayl A ayd Ao no AD dsy a8l Iyl [BA <LIS
up siH AID [BA upd AD 1PN BN oid AD [eA sIH AID el ell <96Y
Oid 4yl 48S NniO iyl ey Jos 1AL ey diy jeA AD [eA nD  AD <i8Y
oid A neq dsy 8yd ey usy [BA 489S AD usy i8S A|D [BA UlD <99b
o]l 4yL usy A dsy naq nel A AH ne7 ud dsy ayj IRy Iyl <1SY

AlD By Oid no7 Bly JyL ayd na1 Ao J4yr 9| 9S JAL usy Je§ <9ty
190G 10 408 Biy usy |epA Biy jepa ne7 |epA |eA dsy sA7 AD dud <V
upy) Biy N JAL |eA JAL jep dsy A usy 3| dif Diy uim nio <90v
L dsy A JAL ey he] ey o0igd usy usy bOiy Diy ne7 Jt9g§ 18§ <|I6F

g8 "Old



Sheet 10 of 16 5,278,059

Jan, 11, 1994

U.S. Patent

9993901VVO VOOVOOLL DL 209909900V LVOIVVOOVL VIOVYIODIL 091999%VOD
ovs 0ES 02S OLS 00S .Sek

LLYOVOOVL 1 1990VL VODD VOOVLLL IVY I10DVVIVYD VVOLOIOVDD ViVODI999L
09 0S Ot 0E 0Z ol

V6 "Oid



Sheet 11 of 16 5,278,059

Jan. 11, 1994

U.S. Patent

OVLOLIVVIDD 99119299909 IJJLLOVHLID HIOVVIDOHIODL 1I10DOVIOV DHIIVOHIIIDD
0801 0.0} - 0901 0s01 ovolL 0£0!

12VI9VHIDY HHIIOVVIOV IILIIDIIVO DIVOVOLYID VVIVOILVIL LOHIV.LL DOV

0201 0101 0001 066 086 0.6
OVVIVVILYD VLI VVIVIOD VIILI99DIIV IOVIILILYD 199JI0VYDL  IIVOHIIVOLY
096 0S6 o6 0€6 026 016

DOVOVOHOILD VVIVOHINIIL L1DHIDVVOHLIDI JLVVVOHOVID IHILLINIODLL 1IOVD H1IDLD
006 068 088 0.8 098 0S8

OVIOHLIVIDDHID HVHVILYVYOI HDILILOVYILY IVVIVOHOHVID IJVHLYVYOIVY DHII20D9DI1D
ove - 0¢8 0z8 018 008 062

OLLDDIYYOL DHHILL 2IVIL 1D1DHIILVYY DIDIDVIOVI VIIOLVOILIDD 191 DIOVIIOV

08.L 0LL 09. 0SL ovL 0€L
OVVOVIOOOILI HHOHVYILIIODL VIVIODVYVYOLD JJDDIVOHILLDO DOIJLVIODODIV DHILIDVOHOOLD
0cL 01L 00L 069 089 0.9

LYVYOLODD1ID 109VIILVDD LVVOOVVILD LVIDOLOVDD LVIOVIVVIV VIV VOVILVY
099 0S9 _ o9 0€9 . 029 019

J1VIVODIDD 101VOIVIOL JIVVOVVYIVLI DJLVIODOOOVY VOHIOVOIVOID 1 JLl LVOOIV
009 06S 08S 04S 09S 0SS

g6 "Dl



>,278,059

Sheet 12 of 16

Jan, 11, 1994

U.S. Patent

IYYHININDI IJVLIDIIOVD VOIVIODODOL L 1OV LIDVVVYD VVOVYVDIVLD V.IDDI 11295
0291 0191 0091 0651 08S 1 0.S|

ODIVHOIVOD 1VOIVILYID VIVVODDHIOD DVYVIDOHOLVL OVDHIIIHDHIL DHIOVVIOOILY
09S1 0SSl ObSL 0ESL 0ZS1 0LS1

11v9 009010 OLVYODOVDO VOHOVOVIOVOD D9LOLOVODD OVIHDIDOHOI DYIDL LOVOV
00S | 061 08l oLl 091 oSl

111D VWOOVD 1990VvI9DDID HOVYVLIIODD IV LLVVI LLVYVI DOIVYVLIL ID1L I209HDIHDILD
ovvi 11541 ocvi OLvi _ ooVl 06¢€1L

LIDOVODIIVL VIDOVVOHOIVY VVIODIOL 9D 1IVLLI 9DIDV HHDILIVIVDD LV 192910V
08¢l 0LEL 09€1 0SEL ovEL 0cEl

DOVOILODVD DHIJVVOLHID DLIDILL L I9 VIOIVVIOWY DOHILIOVVID OVVOLY LVID
0zEl OLEL 00EL 062} 0821 0.2l

JVI1J1lOJVOD DOVIVVOILOOD 11ODI2DVID Y HIVOHIL0DDD VIOI0DI1010 000001(00._.
0921 0scl - ovel o€l 0ccl oict

OYVODILIOD 010991090 DHOVVOLYD ID VVVOVLIDIOV OVOVVOVYDD VIVOILLIOD
0021 0611 0811 OLLL 0911 0SLL

JAVIOLVOLVY HOIODJJVYVYIV VOHOIIVHIODD IJVYVIOODIOIVO 1VIVLI VYOOV DVIVIODOIVL

Ovil OtlLl} OcLl OLLL 00t 1 0601

J6 “Old




Sheet 13 of 16 5,278,059

Jan. 11, 1994

U.S. Patent

IVVOVIOODD LIVOO1LOOIV

0902 0502
VIDJOVHIHL 19I29D3DvDHI LIJ0DIJL00V IJL1LIJVIVID VVIVVIDOHID HYVHOHOLLOV
002 0£02 0202 0102 0002 0661
DIOVOVDI 1D HOIOVVOIOVY VOLVILIO YV JLLVVIOLOD IH9IVIVYID 5HHIILLOIOV
0861 061 0961 0561 o6l 0€6 |
OLOJVOIOL 19 VIDOLL VDD IJLVIIODVIID VVOHVIODHOHVIID VVIVLIOLYDI I1HOHIOLVVID
0261 0161 0061 0681 0881 0281
OVVIODIIOY IJVHOHLOVYID HILOHVHIID IJ1DIVVIDDD IJVHIOOVIOL DIVVVYVIVOD
0981 0S8} ovsi oegL 028l 0181
51000990V OVIJOLYVIV VOLOVVVILL 99331910V 199VOL VDD DHIJVHIOVID
0081 06L1 081 0221 091 0SL1
OVVL 1 LOVVD VVOLLIDIDVYD DHIHVIIVIOV I9HHIIHIIHI VVHIVVIODD)D V.IIDIIHOHIV
ovLlL 0ELL 0ZLL oLLL 001 0691
OVVODDIIDD IDHLOHIVYHD JLLHVYYVILD DHVYVILYVYDI OJVIVOVYODDD 1I09VHIDILY
0891 091 0991 0S91 . o9l 0£91
aé "vii



>,278,059

ely dif |eA oid nal ey ey Ao na7 ey 3l AID <9I
|BA 189S 19N 49S JeA 489S 4yl no7 dif sA7 jea upm sA1 sA IO <1
Sk L €1 2F L OF 6 8 L 9 & b € T !

R
o
- .
o 1L "OIl4d
%
=
- V 209991VIOHID 29H1IHIHHIO
= 06 08 0L
p _
S 099ILIVIDI LVHOOHVIDNIID L1OHIVOHILOLD DHILOIVOLID DHIVVVILOVY JOVVVVVYDL V
09 0s o 0€ 02 ol
0l "OId

U.S. Patent



Sheet 15 of 16 5,278,059

Jan. 11, 1994

U.S. Patent

sA7 JAL ey syl sA7 usy Jayl dsy ayd A 4ylL W BN ADH By <9s¢

USYy USY Oid dsY AD USY A9 Iyl W AL uD n®H gL AH JAL <19€
“JAL 9] By oid |eA A Biy 189S 4yl na7 Yy |BA Bly NI BlY <9PE
no Jyiy oid bBiy Jyiy e ey AD ey upn un G4 Dby dSY <|e€

SY Ud 44l |eA BN usy usy 9| JAL usy <9|¢
JAL 108G 188§ A Jyp 418S 19SS 9O} A 49S usy naq dsy 4yl OW <lO€
Iyy np 18s sA7 dsy bBuy euyd |eA n biy 9| nH.uld Bly Oud <982
Bly ©oyd dsy neq nel siH 18N A|D J8S ujp usy Bly oyd usy B9j <iLZ
usy dsy uipn Jyl B9\ nip dsy oid A NeT eyd dil ni®H AD oyd <9se
A4l Oyd [BA Oid usy ely 49S 1S JAL 3| 48§ IS [BA AL JeS <Ib2
A7 ud diy AD ud oid BN SIH SA7 |BA EBly dsy aud Buy o) <92e
Al dsy jepA AD neq usy ney dil nel up 3|l 49S NP sA7 neq <iie
1] 108 dsy o) 4yl usy usy usy u|p usy o) dsy ejy na1 dsy <961
JAl neq usy SA7 AL o)l AD J9S N Yyl Iyl 189S oyd dsy 4yl <isi
AD AD usy siH SIH oyd nhel A ey 4yl dsy usy Jes A1 847 <991
AlD neq nev Jyi A usy usy JAL naq ey AH usy N By 8yd <iSt
10§ Oid dsy 4y] 18S 1S By Oid Uusy Jyl SIH USYy Oid BlY ouUd <9€l
dsy 1©WN |BA [BA SA7 3| usy S|H JeS SIH By By Bly 3| no7 <icZl
Usy 1S ayd dsv 4yl ayd 418 A|D 8yd ely Bly usy Jyi sA] sA] <90l
9yd dsy bay oid diy A1 A siH JAL ey 4yl usy usy [BA AD <i6
leg JAL usy 9)] |BA By Iyl 3] usy nH |BA Oid 9|l <9
dil ne7 ey 41 o) A WwW AD gL neT JAL AP 3 <19
SA7T USY 4yl o) AD up dig dsy A A|H 8yd AL nov <9t
Usy Jos S|4 dsy 19SS J3S 3yd ely ey AD iyl Oid usy usy Bejy <|E
19§ usy Ap dsy ([eA ayd bBiy dsy a4yl jean 9|1 up AL [BA Yyl <9I
dsy J4y] 49S dYyd usy na7 sSA7 usy usy [eA J49S 1yl dsy 0id 19S <}

G ¥IL €L 2L L oL 6 8 L 9 S v € 2 |

vel Dld



5,278,059

usy ujn di] dsy |Jea

4l I1BA 4yl BEjy |[eA

9§ 49§ 0id 498S 4yl 8yd 4yir SsiH usy usy AH A np  dig

IBA 4yl Jeg AD usy JepA sA7 3|l ayd sA] ayd uip ne ey

USY By Oid |epA 18S |JeA dsy dyd 4AL diy ayy oid 44} 19

© NO [BA ujp usy JAL 1B oid AD 3|l ey usy By ely 4yl
. usy A9 ne7 nio ey |ep usy AD Jayl na 1AL |eA usy ujp
- N9 By 4yl 4yl ey usy usy [eA SA7 ayd Biv [eA 4yl [eA
- dsy @By JylL nd71 |ep usy 8yd USY usy ayd Bely By 495 4yl
k- AlD ey By usy 4yl [BA Jyl [BA BlY 4yl usy A ey ey
7 USY Oid [BA SA7 [BA SA7 8l np Jayp dsy npp dil J9g |ep
USY Bly AD 4yl [eA ey 4yl 4yl AD ayd 4yl |Jep sAq usy

Iyl yi A ayd Ao bBiay A1 dsy o) 4yl o) 4yl usy A9

3 A7 A9 1N JyL oid AD eA usy KD 9|1 9|l 0id it8S 488
2 A4l 4yl ayp JAL up dig eA ey syl AD AD ey ely net
=} OUd usy Jes [BA YL AD AD usy [epA Jyl 9 19S usy Ajp
R na1 nae7 A AD na |epA dsy ayl 441 1yl Al usy o0id na7
= Yy nd ey AD S 8|l oid JAL ey 4yl Iyl 498 J9S Bay
IEA BlY |eA N9 ey [eA usy i8S A|D ayd shAq Bay np 1A}

Al |epA dsy 10 usy [ep d. 1 Dbiy ud ayy yy 188 A|n A}

U.S. Patent

ne ey 0id usy Jeg sA7 biy ne

Old By na] ey sA7 9|

gci "old

AID <929
)] <199
4yl <999
el <LE9
di] <919
AID <109
Ui <98S
Ayl <LLS

JeA <9GG
9] <IPS
sA7 <92S
Old <|}IS
niv <96t
iyl <|I8Y¥
usy <99t
BlY <ISV¥
usy <9¢v
IBA <1Z¥
elY <90¢v
IeA <16¢




5,278,059

1

POLYPEPTIDE POSSESSING
CYCLOMALTODEXTRIN
GLUCANOTRANSFERASE ACTIVITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of application Ser.
No. 07/438,933, filed Nov. 22, 1989, now abandoned |,

which was a continuation of application Ser. No
06/804,487, filed Dec. 4, 1985, now abandoned.

FIELD OF THE INVENTION

The present invention relates to a polypeptide, and
particularly a polypeptide possessing cyclomaltodextrin
glucanotransferase activity. The present invention also
relates to DNA, microorganisms and processes related

to the production of such polypeptide.
ABBREVIATIONS

Throughout the present specification and claims,
amino acids, peptides, etc., are designated with abbrevi-
ations which are commonly used in the art. Examples of
such abbreviations are as follows.

When optical 1somers are possible, the abbreviations
of amino acids mean L-isomers, unless specified other-

wise.,
DNA 15 the abbreviation of deoxyribonucleic acid;

RNA ribonucleic acid; A, adenine; T, thymine; G,
guanine; C, cytosine; dNTP, deoxynucleotide triphos-
phate; ddNTP, dideoxynucleotide triphosphate; dCTP,
deoxycytidin triphosphate; SDS, sodium dodecyl sul-
fate; Ala, alanine; Arg, arginine; Asn, asparagine; Asp,
aspartic acid; Cys, cysteine; Gln, glutamine; Glu, glu-
tamic acid; Gly, glycine; His, histidine; lle, i1soleucine;
Leu, leucine; Lys, lysine; Met, methionine; Phe, phenyl-
alanine; Pro, proline; Ser, serine; Thr, threonine; Trp,
tryptophan; Tyr, tyrosine; Val, valine; and CGTase,
cyclomaltodextrin glucanotransferase.

The wording of ‘“polypeptide” means
possessing CGTase activity”.

DESCRIPTION OF THE PRIOR ART

CGTase, or macerans, has been known for years as an
enzyme produced by Bacillus macerans.

Recently, it was found that CGTase i1s produced by
other microorganisms such as those of species Bacillus
stearothermophilus and Bacillus circulans. The saccha-
ride transfer activity of CGTase now has many indus-
trial uses.

For example, cyclodextrins are produced by subject-
ing gelatinized starch to the action of CGTase, while
glycosylsucrose production utilizes the saccharide
transfer reaction from starch to sucrose which is ef-
fected by subjecting a mixture solution of liquefied
starch and sucrose to CGTase.

Cyclodextrins are now expanding as a host for form-

“polypeptide

ing stable inclusion complexes with organic compounds ¢p

which are volatile or susceptible to oxidation. Demand
for glycosylsucrose is also expanding as a mildly-sweet
low-cariogenic sweetener which 1s commercialized by
Hayashibara Co., Ltd., Okayama, Japan, under the Reg-
istered Trademark of “Coupling Sugar”.

In order to meet these demands, development of
means to provide a constant CGTase supply 1s an ur-
gent necessity. This requires determination of the amino
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acid sequence of the polypeptide that possesses CGTase
activity.

Such amino acid sequence has , however, so far been
unknown.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

FI1G. 1 shows the restriction map of recombinant
DNA pTCH20l, in particular that of the DNA frag-

0 ment which carries the polypeptide gene derived from
Bacillus stearothermophilus.

F1G. 2 shows the restriction map of recombinant

DNA pTCU211, in particular that of the DNA frag-

ment which carries the polypeptide gene derived from
Bacillus stearothermophilus.

FIG. 3 shows the restriction map of recombinant
DNA pMAH2, in particular that of the DNA fragment
which carries the polypeptide gene derived from Bacil-
lus macerans.

FIG. 4 shows the restriction map of recombinant
DNA pMAU210, in particular that of the DNA frag-
ment which carries the polypeptide gene derived from
Bacillus macerans.

FIGS. S(A-D) show the nucleotide sequence of the
polypeptide gene derived from Bacillus stearothermo-
philus.

FIG. 6 shows the nucleotide sequence of the signal
peptide gene located upstream of the 5'-terminal end of
the polypeptide gene of FIG. 5.

F1G. 7 shows the amino acid sequence of the signal
peptide of FIG. 6.

FIGS. 8(A-B) show the amino acid sequence of the

polypEptlde determined with reference to the sequence
shown in FIG. §.

F1GS. 9(A-D) show the nucleotide sequence of the
polypeptide gene derived from Bacillus macerans.

FIG. 10 shows the sequence of the signal peptide
located upstream of the 5'-site of the polypeptide of
FIG. 9.

FI1G. 11 shows the amino acid sequence of the signal
peptide of FIGS. 10(A-B).

FIGS. 12(A-B) show the amino acid sequence of the
polypeptide derived from Bacillus macerans.

SUMMARY OF THE INVENTION

The present inventors carried out investigations to
determine the amino acid sequence of CGTase polypep-
tide; to assure a wide polypeptide availablhty by recom-
bmant gene technology; and also to improve polypep-
tide productivity.

As a result, the present inventors found that the
CGTase polypeptide comprises one or more partial
amino acid sequences selected from the group consist-
ing of

(a) Asn-Lys-Ile-Asn-Asp-Gly-Tyr-Leu-Thr,

(b) Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu,

(c) Val-Thr-Phe-Ile-Asp-Asn-His-Asp-Met-Asp-

Arg-Phe,
(d) lie-Tyr-Tyr-Gly-Thr-Glu-Gln-Tyr-Met-Thr-
Gly-Asn-Gly-Asp-Pro-Asn-Asn-Arg, and

(e) Asn-Pro-Ala-Leu-Ala-Tyr-Gly,
and that, more particularly, these partial amino acids
sequences (a), (b), (c), (d) and (e) are located in order of
nearness to the N-terminal end of the polypeptide.

The polypeptide is characterized by the facts that it
forms cyclodextrin from soluble starch: that it shows a
molecular weight of 70,000+ 10,000 daltons on SDS-
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polyacrylamide electrophoresis; and that it has a spe-
cific activity of 20030 units/mg protein.

The present inventors also found that polypeptides
derived from Bacillus stearothermophilus and Bacillus
macerans have the amino acid sequences as shown in
FIGS. 8 and 12, respectively. Both amino acid sequen-
ces will be discussed hereafter.

In addition, the present inventors determined the
amino acid sequences of the signal peptides which regu-

late polypeptide secretion from producer microorgan- 10

1SINS. | -
The present invention and features thereof will here-
inafter be explained.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the present invention, the amino acid sequence of
the CGTase polypeptide is determined by cloning the
polypeptide gene from a CGTase producer microor-
ganism and sequencing the polypeptide gene. |

The amino acid sequence containing N-terminal end
1s determined by analyzing a highly-purified polypep-
tide with a gas-phase protein sequencer.

Cloning of the polypeptide gene

In the present invention, a DNA fragment, obtained
by separating DNA from a donor microorganism capa-
ble of producing the polypeptide and digesting the
DNA, for example with ultrasound or restriction en-
zymes, and a vector fragment, obtained by cleaving a
vector 1n the same way, are ligated, for example with
DNA ligase, to obtain a recombinant DNA carrying the
polypeptide gene.

The donor microorganism is chosen from bacteria
which produce the polypeptide. Examples of such bac-
teria are those of genus Bacillus such as Bacillus macer-
ans, Bacillus megaterium, Bacillus circulans, Bacillus
polymyxa, and Bacillus stearothermophilus, and those of
genus Klebsiella such as Klebsiella pneumoniae, as de-
scribed, for example, in Japan Patent Kokai No.
20,373/72, Japan Patent Kokai No. 63,189/75, Japan
Patent Kokai No. 88,290/75, and Hans Bender, Archives
of Microbiology, Vol.111, pp.271-282 (1977).

Recombinant microorganisms in which polypeptide
producibility has been introduced by genetic engineer-
ing techniques can also be used as the donor microor-
ganism.

The DNA of the donor microorganism can be pre-
pared by culturing the donor microorganism, for exam-
ple with a hiquid culture medium for about 1-3 days
under aeration-agitation conditions, centrifugally col-
lecting the microorganism from the culture, and lysing
the microorganism. Examples of bacteriolytic proce-
dures are cytohydrolysis using lysozyme or B-gluca-
nase, and ultrasonic treatment.

Other enzymes, such as protease, and/or surface ac-
tive agents, such as sodium laury! sulfate, can be used in
combination, if necessary. Of course, freezing-thawing
treatment can be carried out, if necessary.

In order to 1solate DNA from the resultant lysate,
two or more conventional procedures, such as phenol
extraction, protein removal, protease treatment, ribonu-
clease treatment, alcohol sedimentation, and centrifuga-
tion, are combined.

Although DNA ligation can be effected by treating
DNA- and vector-fragments, for example with ultra-
sound or restriction enzymes, it is desirable to use re-
striction enzymes, particularly those acting specifically
on a prescribed nucleotide sequence, for smooth liga-
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tion. Specifically suited are Type I restriction enzymes,
for example, EcoR1, HindIII, BamHI, Sall, Slal, Xmal,
Mbol, Xbal, Sacl, Pstl, etc.

Bacteriophages and plasmids which autonomically
prohiferate in the host microorganism are suitable for
vectors.

When a microorganism of species Escherichia coli is
used as the host, bacteriophages such as Agt-AC and
Agt:AB are employable, while p11, Y1 and Y105 are
usable when a microorganism of species Bacillus subtilis
1s used as the host.

As regards plasmids, when a microorganism of spe-
cies Escherichia coli is used as the host, plasmids such as
pBR322 and pBR325 are employable, while pUB110,
pTZ4 (pTP4) and pC194 are usable for a host microor-
ganism of species Bacillus subtilis. Plasmids which auto-
nomically proliferate in two or more different host
microorganisms, for example, pHV 14, TRp7, YEp7 and
pBS7, can be used as the vector. These vectors are
cleaved with the same types of restriction enzymes as
used in DNA digestion to obtain a vector fragment.

DNA- and vector-fragments are ligated with conven-
tional procedures using DNA ligase. For example,
DNA- and vector-fragments are first annealed, then
subjected in vitro to the action of a suitable DNA ligase
to obtain a recombinant DNA. If necessary, such re-
combinant DNA can be prepared by introducing the
annealed fragments into the host microorganism to
subject them to in vivo DNA ligase.

The host microorganisms usable in the invention are
those in which recombinant DNA autonomically and
consistently proliferates to express its characteristics.
Specifically, microorganisms which are not capable of
producing a-amylase (EC 3.2.1.1) are preferably used
because the use of such microorganisms facilitates isola-
tion and purification of the secreted polypeptide.

The recombinant DNA can be introduced into the
host microorganism with any conventional procedure.
For example, when the host microorganism belongs to
the species Escherichia coli, introduction of recombinant
DNA is effected in the presence of calcium ion, while
the competent cell- and protoplast-methods are em-
ployed when a host microorganism of genus Bacillus is
used.

The recombinant microorganism in which recombi-
nant DNA has been introduced is selected by collecting
clones which grow on plate culture containing starch to
convert the starch into cyclodextrin.

The present inventors found that the recombinant
DNA carrying the polypeptide gene cloned in this way
can be easily introduced, after isolation from the recom-
binant microorganism, into a different host microorgan-
ism. It was also found that a DNA fragment carrying
the polypeptide gene, obtained by digesting a recombi-
nant DNA carrying the gene with restriction enzymes,
can be easily ligated with a vector fragment which has
been obtained in the same manner.

Furthermore, the present inventors found that the
polypeptide gene in the recombinant DNA obtained
according to the present invention is cleaved by restric-
tion enzyme Pvull, purchased from Toyobo Co., Ltd.,
Osaka, Japan, to lose the ability of expressing the poly-
peptide gene because the recombinant DNA has a
Pvull restriction cleavage site.

Sequence of the polypeptide gene

The polypeptide gene is sequenced by the chain-ter-
minator method as described in Gene, Vol.9, Pp.
259-268(1982).
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This method contains the step of inserting a cloned
DNA fragment carrying the polypeptide gene into the
insertion site of a suitable plasmid such as pUCI18 using
restriction enzymes. The obtained recombinant plasmid
is introduced by transformation intc a suitable Escher-
ichia coli strain such as Escherichia coli IM83, followed
by selection of the recombinant microorganism that
contains the plasmid.

The recombinant plasmid is prepared from the prolif-
erated recombinant microorganism.

The obtained recombinant plasmid is annealed to-
gether with a synthetic primer, and the Klenow frag-
ment 1s then allowed to act on the mixture to extend the
primer, as well as to form the complementary DNA.

Thereafter, the mixture is subjected sequentially to
polyacrylamide-electrophoresis and radioautography,
followed by sequencing of the polypeptide gene.

The signal polypeptide which regulates polypeptide
secretion from the cell 1s sequenced in the same manner.

Amino acid sequence of the polypeptide

The amino acid sequence of the polypeptide is deter-
mined from the DNA sequence of the polypeptide gene.

The amino acid sequence of the signal peptide is
determined in the same manner.

N-terminal amino acid sequence of the polypeptide

A polypeptide producer microorganism of genus
Bacillus 1s cultured with a nutrient culture medium to
produce the polypeptide. The supernatant, centrifugally
obtained from the culture, 1s purified by ammonium
sulfate fractionation, ion exchange chromatography and
high-performance liquid chromatography to obtain a
high-purity polypeptide specimen. The specimen is then
degraded with a gas-phase protein sequencer in accor-
dance with the method described in Journal of Biological
Chemistry, Vol. 256, pp. 7990-7997 (1981), and isolated
with high-performance liquid chromatography, fol-
lowed by determination of the partial amino acid se-
quence of the N terminal end. _

Preparation of polypeptide with recombinant micro-
organism

The present inventors found that a large amount of
polypeptide can be consistently produced by culturing a
recombinant microorganism with a nutrient culture
medium.

To the nutrient culture medium is incorporated, for
example, a carbon source, a nitrogen source, minerals,
and, if necessary, small amounts of organic nutrients
such as amino acids and vitamins.

Starch, partial starch hydrolysate, and saccharides
such as glucose, fructose and sucrose are suitable for the
carbon source. Inorganic nitrogen sources such as am-
monia gas, ammonia water, ammonium salts and ni-
trates; organic nitrogen sources such as peptone, yeast
extract, and defatted soybean, corn steep liquor and
meat extract are suitable for the nitrogen source.

The recombinant microorganism 1S cultured with a
nutrient culture medium for about 1-4 days under aera-
tion-agitation conditions to accumulate polypeptide
while keeping the culture medium, for example, at pH
4°~10° and 25°-65° C.

Although the polypeptide in the culture may be used
intact, generally the culture 1s separated into polypep-
tide solution and cells with conventional procedures

such as filtration and centrifugation, prior to its use.
- When the polypeptide is present in the cells, the cells
are first treated with ultrasound, surface active agent
and/or cytohydrolysis, then with filtration and centrifu-
gation to separate a solution containing the polypeptide.
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The solution containing the polypeptide thus ob-
tained 1s purified, for example by combination of con-
centration in vacuo, concentration using a membrane
filter, salting-out using ammonium sulfate or sodium
sulfate, fractional sedimentation using methanol, etha-
nol or acetone, to obtain a highly-purified polypeptide
specimen which is advantageously usable as industrial
polypeptide material.

To further improve the quality of the polypeptide,
the amino acid sequence of the polypeptide may be
partially substituted, removed, added, or modified in
such a manner that the polypeptide does not lose its
CGTase activity prior to its use.

One unit of CGTase activity is defined as the amount
of polypeptide that diminishes completely the iodine-
coloration of 15 mg soluble starch at 40° C. over a per-
10d of 10 minutes under the following reaction condi-
tions: To 5 ml of 0.3 w/w % soluble starch solution
containing 0.02 M acetate buffer (pH 5.5) and 2 x 103
M calcium chloride is added 0.2 ml of a diluted enzyme
solution, and the mixture is incubated at 40° C. for 10
minutes. Thereafter, 0.5 ml of the reaction mixture is
sampled and 15 ml of 0.02 N aqueous sulfuric acid solu-
tion 1s added to suspend the enzymatic reaction. To the
reaction mixture 0.2 ml of 0.1 N I5-K1 solution is added
to effect coloration, and its absorbance at a wavelength
of 660 nm is determined.

Deposition of recombinant microorganisms

Recombinant microorganisms  Escherichia coli
TCH201, Escherichia coli MAH2, Bacillus subtilis
MAU210, and Bacillus subtilis TCU211 have been de-
posited under the accession numbers of FERM BP-
2109, BP-2110, BP-2111, and BP-2112, respectively, at
the Fermentation Research Institute, Agency of Indus-
trial Science and Technology, 1-3, Higashi 1 chome,
Yatabemachi, Tsukuba-gun, Ibaraki-ken, Japan.

Several embodiments according to the present inven-
tion are disclosed in the following examples:

EXAMPLE 1

Cloning of Bacillus stearothermophilus polypeptide gene
into Escherichia coli

Preparation of chromosome DNA carrying the
heat-resistant polypeptide gene of Bacillus
stearothermophilus

The chromosome DNA carrying the heat-resistant-
polypeptide gene of Bacillus stearothermophilus was
prepared in accordance with the method described by
Saito and Miura, Biochimica et Biophisica Acta, Vol. 72,
pp.619-629 (1963). A seed culture of Bacillus stearother-
mophilus FERM-P No. 2225 was cultured with brain
heart infusion medium at 50° C. overnight under vigor-
ous shaking conditions. The cells, centrifugally col-
lected from the culture, were suspended with TES
buffer (pH 8.0) containing Tris-aminomethane, hydro-
chloric acid, EDTA and sodium chloride, mixed with 2
mg/mi of lysozyme, and incubated at 37° C. for 30
minutes. The incubated mixture was frozen, allowed to
stand at —20° C. overnight, mixed with TSS buffer (pH
9.0) containing Tris-aminomethane, hydrochloric acid,
sodium lauryl sulfate and sodium chloride, heated to 60°
C., mixed with a mixture of TES buffer (pH 7.5) and
phenol (1:4 by volume), cooled in ice-chilled water, and
centrifuged to obtain a supernatant. To the supernatant
was added two volumes of cold ethanol to recover a
crude chromosomal DNA which was then dissolved in
SSC buffer (pH 7.1) containing sodium chloride and
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trisodium citrate; thereafter, the mixture was subjected
to both “RNase A”, a ribonuclease commercialized by
Sigma Chemical Co., Mo., USA, and “Pronase E”, a
protease commercialized by Kaken Pharmaceutical
Co., Ltd., Tokyo, Japan, mixed with a fresh preparation
of TES buffer and phenol mixture, cooled, centrifuged,
and mixed with two volumes of cold ethanol to recover
a purified chromosomal DNA. The chromosomal DNA
was dissolved in a buffer (pH 7.5) containing Tris-
aminomethane, hydrochloric acid and EDTA, and
stored at —20° C.

EXAMPLE 1-(2)
Preparation of plasmid pBR322

Plasmid pBR322 (ATCC 37013) was isolated from
Escherichia coli in accordance with the method de-

scribed by J. Meyer et al. in Journal of Bacteriology, Vol.
127, pp. 1524-1537 (1976).

(EXAMPLE 1-(3)

Preparation of recombinant DNA carrying polypeptide
gene

The purified chromosomal DNA carrying the heat-
resistant-polypeptide gene, prepared in Example 1-(1),
was partially digested with restriction enzyme Mbol,
purchased from Nippon Gene Co., Ltd., Toyama, Ja-
pan, to give DNA fragments of 1-20 kbp. Separately,
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the pBR322 specimen, prepared in Example 1-(2), was

completely cleaved with restriction enzyme BamHI,
purchased from Nippon Gene Co., Ltd., and the
cleaved product was subjected to Escherichia coli alka-
line phosphatase, purchased from Takara Shuzo Co.,
Ltd., Kyoto, Japan, to prevent self-ligation of the plas-
mid fragment as well as to dephosphorize the 5'-termi-
nal end of the fragment.

Both fragments were then ligated by subjecting them
to T4 DNA ligase, purchased from Nippon Gene Co.,
Ltd., at 4° C. overnight to obtain a recombinant DNA..

EXAMPLE 1-(4)
Introduction of recombinant DNA into Escherichia coli

Escherichia coli HB101 (ATCC 33694), a strain inca-
pable of producing amylase, was used as the host.

The microorganism was cultured with L-broth at 37°
C. for 4 hours, and the cell, centrifugally collected from
the culture, was suspended with 10 mM acetate buffer
(pH 3.6) containing 50 mM manganese chloride, centrif-
ugally collected again, resuspended with 10 mM acetate
buffer (pH 5.6) containing 125 mM manganese chloride,
mixed with the recombinant DNA prepared in Example
1-(3), and allowed to stand in an ice chilled water bath
for 30 minutes. The mixture was then warmed to 37°C.,
mixed with L-broth, spread on L-broth agar plate me-
dium containing 50 pug/ml of ampicillin and 2 mg/ml
starch, and incubated at 37° C. for 24 hours to form
colonies.

The colonies which had degraded the starch into
cyclodextrin were selected by the iodine-coloration
method. Thus, the microorganisms in which the recom-
binant DNA carrying polypeptide gene had been intro-
duced were selected. A recombinant microorganism
was then proliferated, and the recombinant DNA was
- extracted from the proliferated microorganism by the
plasmid preparation method in Example 1-(2), subjected
to restriction enzymes to determine the restriction
cleavage sites, and completely digested with restriction
enzyme EcoRlI purchased from Nippon Gene Co., Ltd.
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The digested product was subjected to T4 DNA ligase
similarly as in Example 1-(3) to obtain a recombinant
DNA, followed by selection of a recombinant microor-

ganism in accordance with the method in Example
1-(4). The recombinant microorganism contained a re-
combinant DNA of a relatively small-size that carries
no poiypeptide gene.

The recombinant DNA and plasmid pBR322 were
then completely digested with restriction enzyme Sall,
purchased from Nippon Gene Co., Ltd., and treated
similarly as in the case of EcoRlI to select recombinant
microorganisms containing a recombinant DNA of a
much smaller-size that carries the polypeptide gene.

One of these microorganisms and its recombinant
DNA were named as “Escherichia coli TCH?201
(FERM BP-2109)” and “pTCH?201". |

The restriction map of recombinant DNA pTCH201,
in particular that of the DNA fragment derived from
Bacillus stearothermophilus microorganism, is as shown
in FIG. 1.

FIG. 1 clearly shows that the DNA fragment carry-
ing the polypeptide gene derived from Bacillus stearo-
thermophilus microorganism is cleaved by either restric-
tion enzyme Pvull purchased from Toyobo Co., Ltd.,
Kpnl, HindIII purchased from Nippon Gene Co., Ltd.,
or Xbal purchased from Takara Shuzo Co., Ltd, but not
by EcoRl, BamHI, Pstl, Xhol, Bglll or Accl, all pur-
chased from Nippon Gene Co., Ltd.

EXAMPLE 2

Cloning of polypeptide gene of Bacillus
stearothermophilus into Bacillus subtilis

EXAMPLE 2-(1)
Preparation of recombinant DNA pTCH201

Recombinant DNA pTCH201 was isolated from
Escherichia coli TCH201 (FERM BP-2109) in accor-
dance with the method in Example 1-(2).

EXAMPLE 2-(2)
Preparation of plasmid pUB110

Plasmid pUB110 (ATCC 37015) was isolated from
Bacillus subtilis in accordance with the method de-

scribed by Gryczan et al. in Journal of Bacteriology,
Vol.134, pp. 318-329 (1978).

EXAMPLE 2-(3)

Preparation of recombinant DNA carrying polypeptide
gene

‘The recombinant DNA pTCH201 carrying the heat-
resistant-polypeptide gene prepared in Example 2-(1),
was completely digested by subjecting it simultaneously
to restriction enzymes EcoRI and Xbal.

Separately, the plasmid pUB110 specimen, prepared
in Example 2-(2), was completely cleaved by subjecting
it to restriction enzymes EcoRI and Xbal in the same
manner.

The resultant fragments were subjected to T4 DNA

ligase similarly as in Example 1-(3) to obtain a recombi-
nant DNA.

EXAMPLE 2-(4)
Introduction of recombinant DNA into Bacillus subtilis

In this Example, Bacillus subtilis 715A, a strain inca-

pable of producing amylase, was used as the host. The
microorganism was cultured with brain heart infusion
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medium at 28" C. for 5 hours, and the cell, centrifugally
collected from the culture, was then prepared into pro-
toplast suspension in accordance with the method de-
scribed by Schaeffer et al. in Proceedings of the National
Academy of Sciences of the USA, Vol.73, pp.2151-2155
(1976).

To the suspension was added the recombinant DNA,

prepared in Example 2-(3), and the mixture was then

treated In accordance with the method described by
Sekiguchi et al. in Agricultural and Biological Chemistry,
Vol.46, pp.1617-1621 (1982) to effect transformation,
spread on HCP medium containing 250 pug/ml of kana-
mycin and 10 mg/ml of starch, and incubated at 28° C.
for 72 hours to form colonies.

From these colonies, recombinant microorganisms in
which the recombinant DNA carrying the heat-resist-
ant-polypeptide gene had been introduced were se-
lected by the method in Example 1-(4). One of these
microorganisms and its recombinant DNA were named
as “Bacillus subtilis TCU211 (FERM BP2-2112)” and
“pIT'CU211", respectively.

The restriction map of recombinant DNA pTCU211,
in particular that of the DNA fragment derived from
Bacillus stearothermophilus microorganism, is as shown
in FIG. 2. FIG. 2 clearly shows that the DNA fragment
carrying the polypeptide gene derived from Bacillus
stearothermophilus microorganism is cleaved by either
restriction enzyme Pvull, Kpnl or HindIIl, but not by
EcoRI, BamHI, Pstl, Xhol, Bglll, Accl or Xbal.

EXAMPLE 3

N-terminal amino acid sequence of Bacillus
stearothermophilus polypeptide

EXAMPLE 3-(1)
Preparation of polypeptide

Bacillus stearothermophilus FERM-P No.2225 was
cultured with a liquid culture medium by the method in
Example 5 to produce polypeptide. The supernatant,
centrifugally obtained from the culture, was salted out
with ammonium sulfate to obtain a polypeptide fraction
which was then purified by column chromatography
using “DEAE Toyopearl 6507, an amon exchanger
commercialized by Toyo Soda Manufacturing Co.,
Ltd.,, Tokyo, Japan, and chromatofocusing using
“Mono P, a product of Pharmacia Fine Chemicals AB,
Uppsala, Sweden, to obtain a highly-purified polypep-
tide specimen.

On SDS-polyacrylamide electrophoresis in accor-
dance with the method described by K. Weber and M.
Osborn in Journal of Biological Chemistry, Vol. 244,
page 4406 (1969), the polypeptide specimen showed a
molecular weight of 70,0004 10,000 daltons.

The specific activity of the polypeptide specimen was
200430 units/mg protein.

EXAMPLE 3-(2)
N-terminal amino acid sequence of the polypeptide

A polypeptide specimen, prepared by the method in
Example 3-(1), was fed to “Model 470A”, a gas-phase
protein sequencer, a product of Applied Biosystems
Inc., Calif.,, USA, and then analyzed with high-perfor-
mance liquid chromatography to determine the N-ter-
minal partial amino acid sequence.

The partial amino acid sequence was Ala-Gly-Asn-
Leu-Asn-L.ys-Val-Asn-Phe-Thr.
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EXAMPLE 4

Sequence of polypeptide gene derived from Bacillus
stearothermophilus and amino acid sequence of
polypeptide

EXAMPLE 4-(1)
Preparation of plasmid pUCi18

Plasmid pUC18 was prepared in accordance with the
method in Example 1-(2) from Escherichia coli JMR3
(ATCC 35607) in which the plasmid had been intro-
duced.

EXAMPLE 4-(2)

Preparation of recombinant DNA carrying polypeptide
gene

The recombinant DNA was prepared by the method
in Example 1-(3).

A fragment, obtained by digesting a fragment carry-
ing the polypeptide gene, prepared by the method in
Example 2-(3), with restriction enzymes, and a plasmid
fragment, obtained by cleaving a pUC18 specimen,
prepared by the method in Example 4-(1), in the same
manner, were subjected to T4 DNA ligase to obtain a
recombinant DNA.

EXAMPLE 4-(3)
Introduction of recombinant DNA into Escherichia coli

In this example, Escherichia coli IM83 was used as the
host.

The recombinant DNA was introduced into this mi-
croorganism in accordance with the method in Exam-
ple 1-(4) to transform the microorganism.

The recombinant microorganisms were inoculated to
a culture medium containing 5-bromo-4-chloro-3-
indoyl-B-galactoside (Xgal), and the microorganism
forming colorless plaque was selected.

EXAMPLE 4-(4)

Preparation of recombinant DNA from recombinant
MICroorganism

The recombinant microorganism was cultured on
L-broth containing 50 pg/ml of ampicillin, and the
obtained cells were then treated with the alkaline mini-
preparation method to obtain a recombinant DNA.

EXAMPLE 4-(5)
Sequence of recombinant DNA

The recombinant DNA was sequenced by the
dideoxy chain terminator method.

The recombinant DNA, prepared in Example 4-(4),
and a synthetic primer composed of 17 bases were
mixed, annealed at 60° C. for 20 minutes, mixed with
dNTP, ddNTP, (a-*’P) dCTP and Klenow fragment,
and reacted at 37° C. for 30 minutes to extend the
primer towards the 3’ site from the 5' site. Thus, the
complementary DNA was obtained. To the comple-
mentary DNA was added an excessive amount of
dNTP, and the mixture was reacted at 37° C. for 30
minutes, followed by addition of a formamide solution
of dye mixture to suspend the reaction. The reaction
mixture was boiled for 3 minutes, and electrophoresed
on 6% polyacrylamide gel at about 25 mA (about 2,000
volts) to separate the extended complementary DNA..

After completion of the electrophoresis, the gel was
fixed and dehydrated.
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The dehydrated gel was then autographed, and the

polypeptide gene was determined by analyzing the base
bands on the radioautogram.

12
activity, while the cells were ultrasonically broken,

prior to determination of their CGTase activity per
culture. The results are as shown in Table 1.

TABLE 1

W

Microorganism

Escherichia coli TCH201 (FERM BP-2109)
Bacillus subtilis TCU211 (FERM BP-2110)

Escherichi coli HB101
Bacillus subtilis TISA

Bacillus stearothermophilus FERM-P No. 2225

CGTase activity (units/ml)

-~ Supernatant Cell Total

0.8 13.5 14.3  Present
invention

46.7 20.5 67.2 Present
invention

0 0 0 Control

0 0 0 Control

8.5 0.3 8.8 Control

|

The results are as shown in FIG. 5.

The signal peptide gene located upstream of the 5'-
terminal end of the polypeptide gene was sequenced in
the same manner.

The results are as shown in FIG. 6.

EXAMPLE 4-(6)
Amino acid sequence of the polypeptide

The amino acid sequence of the polypeptide was
determined with reference to the sequence as shown in
FIG. §, and the results are as shown in FIG. 8.

The ammo acid sequence of the signal peptide was
determined in the same manner, and the results are as
shown in FIG. 7. '

This evidence confirms that the polypeptide derived
from Bacillus stearothermophilus has the amino acid
sequence as shown in FIG. 8.

EXAMPLE 5

Preparation of polypeptide with recombinant
miCroorganism

Polypeptides were prepared with recombinant mi-
croorganisms Escherichia coli TCH201 (FERM BP-
2109) and Bacillus subtilis TCU211 (FERM BP-2112)
both in which recombinant DNA carrying the heat-
resistant-polypeptide gene derived from Bacillus stearo-
thermophilus had been introduced.

The polypeptide productivities of these recombinant
microorganisms were compared with those of the host
microorganisms without the recombinant plasmid and
the donor Bacillus stearothermophilus microorganism in
relation to their CGTase activity. A liquid culture me-
dium consisting of 1.0 w/v % corn steep liquor, 0.1 w/v
% ammonium sulfate, 1.0 w/v % calcium carbonate, 1
w/v % starch and water was adjusted to pH 7.2, steril-
1zed by heating at 120° C. for 20 minutes, and cooled. In
the case of Escherichia coli TCH201, the liquid culture
medium was mixed with 50 ug/ml of ampicillin and the
microorganism was inoculated to the liquid culture
medium. Escherichia coli HB101 was inoculated to the
liqgmd cuiture medium without addition of antibiotic. In
each case, the microorganism was cultured at 37° C. for
48 hours under vigorous shaking conditions.

Separately, Bacillus subtilis TCU211 was inoculated
to the liquid culture medium additionally containing 5
ng/ml of kanamycin, while Bacillus subtilis 715A was
inoculated to the liquid culture medium without addi-
tion of antibiotic. In each case, the microorganism was
cultured at 28° C. for 72 hours.

Bacillus stearothermophilus FERM-P No. 2225 was
cultured with the liquid culture medium at 50° C. for 48
hours without addition of antibiotic. After separation of
each culture 1nto supernatant and cells by centrifuga-
tion, the supernatant was assayed intact for CGTase
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This evidence clearly shows that the recombinant
microorganisms are advantageously usable in industrial-
scale production of polypeptide because these microor-
ganisms possess an improved polypeptide productivity.

The supernatants were salted out with ammonium
sulfate at a saturation degree of 0.6 to obtain crude
polypeptide specimens. After studying these polypep-
tide specimens on their enzymatic properties, such as
saccharide transfer form starch to sucrose, cyclodextrin
production from starch, ratio of a, 8- and A-cyclodex-
trins, optimum temperature, optimum pH, stable tem-
perature range and stable pH range, the properties of
the polypeptide produced by the recombinant microor-
ganism were in good accordance with those of the poly-

peptide produced by the donor Bacillus stearothermo-
philus microorganism.

EXAMPLE 6

Cloning of Bacillus macerans polypeptide gene into
Escherichia coli

EXAMPLE 6-(1)

Preparation of chromosome DNA carrying Bacillus
macerans polypeptide gene

The polypeptide gene was prepared in accordance
with the method in Example 1-(1), except that Bacillus
macerans 17A was cultured at 28° C.

EXAMPLE 6-(2)

Preparation of recombinant DNA carrying polypeptide
gene

The chromosomal DNA carrying the polypeptide
gene derived from Bacillus macerans, prepared in Ex-
ample 6-(1), was partially digested similarly as in Exam-
ple 1-(3) with restriction enzyme HindlIIl, purchased
from Nippon Gene Co., Ltd.

Separately, a plasmid pBR 322 specimen, prepared by
the method in Example 1-(2), was completely cleaved
with restriction enzyme Hindlll, and the $'-terminal
end of the cleaved product was dephosphorized by the
method 1n Example 1 (3). The fragments thus obtained
were ligated in accordance with the method in Example
1-(3) to obtain a recombinant DNA.

EXAMPLE 6-(3)
Introduction of recombinant DNA into Escherichia coli

The recombinant microorganism in which recombi-
nant DNA had been introduced was cloned in accor-
dance with the method in Example 1-(4) using Escher-
ichia coli HB101 (ATCC 33694), a strain Incapable of

producing amylase, as the host. Thereafter, the recom-
binant DNA was isolated from the microorganism,
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subjected to restriction enzymes to determine the re-
striction cleavage sites, and partially digested with re-
striction enzyme Sau3Al commercialized by Nippon
Gene Co., Ltd. u

Separately, a plasmid pBR322 specimen, obtained by
the method in Example 1-(2), was completely cleaved
with restriction enzyme BamHI. and the 5'-terminal end
of the resultant product was dephosphorized similarly
as m Example 1-(3). The obtained fragments were li-
gated with T4 DNA ligase to obtain a recombinant
DNA, followed by selecting recombinant microorgan-
1Isms in accordance with the method in Example 1-(4).
The recombinant microorganisms contained a recombi-
nant DNA of a relatively small-size that carries the
polypeptide gene.

One of these recombinant microorganisms and its
recombinant DNA were named as “Escherichia coli
MAH2 (FERM BP-2110)” and “pMAH?2” respectively.

The restriction map of recombinant DNA pMAH2,
In particular that of the DNA fragment that carries the
polypeptide gene derived from Bacillus macerans, is as
shown in FIG. 3. .

F1G. 3 shows that the DNA fragment carrying the
polypeptide gene derived from Bacillus macerans is
cleaved by either restriction enzyme Pvull, Sall, Aval
commercialized by Nippon Gene Co., Ltd., or Pstl
commercialized by Nippon Gene Co., Ltd., but not by
EcoR], HindIll, Kcnl, BamHI, Xbal, Xhol or Smal.

EXAMPLE 7

Cloning of Bacillus macerans polypeptide oene into
Bacillus subtilis

EXAMPLE 7-(1)
Preparation of recombinant DNA pMAH?2

The recombinant DNA pMAH?2 was isolated from
Escherichia coli MAH2 (FERM BP-2110) in accordance
with the method in Example 1-(2).

EXAMPLE 7-(2)

Preparatidn of recombinant DNA carrying the
polypeptide gene

The recombinant DNA pMAH?2 specimen carrying
the polypeptide gene, prepared in Example 7-(1), was
completely digested by subjecting it simultaneously to
restriction enzymes EcoRI and BamHI.

The fragments thus obtained were subjected to T4
DNA ligase similarly as in Example 1-(3) to obtain a
recombinant DNA.

EXAMPLE 7-(3)
Introduction of recombinant DNA into Bacillus subtilis

Recombinant microorganisms in which recombinant
DNA carrying the polypeptide gene derived from Ba-
cillus macerans had been introduced were cloned in
accordance with the method in Example 2-(4) using
Bacillus subtilis 715A, a strain incapable of producing
amylase. |

One of the recombinant microorganisms and its re-
combinant DNA were named as ‘“Bacillus subtilis
MAU210 (FERM *“BP-2111)" and “pMAU210” respec-
tively. The restriction map of recombinant DNA
pMAU210, in particular that of the DNA fragment that
carries the polypeptide gene derived from Bacillus mac-

erans, was as shown 1n FIG. 4. FIG. 4 shows that this

DNA fragment carrying the polypeptide gene derived
from Bacillus macerans, is cleaved by either restriction
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enzyme Pvull, Sall, Aval or Pstl, but not by EcoRl,
HindIll, Kpnl, BamHI, Xbal, Xhol or Smal

EXAMPLE 8

N-terminal amino acid sequence of the polypeptide
derived from Bacillus macerans

EXAMPLE 8-(1)
Preparation of polypeptide

The polypeptide was produced by culturing Bacillus
subtilis MAU210 (FERM BP-2111) with a liquid culture
medium similarly as in Example 10 and then purifying in
accordance with the method in Example 4-(1) to obtain
a high-purity polypeptide specimen.

On SDS polyacrylamide electrophoresis, the poly-
peptide specimen showed a molecular weight of
70,000=%=10,000 daltons and a specific activity of
20030 units/mg protein.

EXAMPLE $-(2)

N-terminal amino acid sequence

The partial amino acid sequence containing the N-
terminal terminal end was determined with the poly-
peptide specimen prepared in Example 8-( 1), 1n accor-

‘dance with the method in Example 3-(2).

The partial amino acid sequence was Ser-Pro-Asp-
Thr-Ser-Val-Asn-Asn-Lys-Leu.

EXAMPLE 9

Sequence of polypeptide gene derived from Bacillus
macerans and amino acid sequence of polypeptide

EXAMPLE 9-(1)

Preparation of recombinant DNA carrying the
polypeptide gene

The recombinant DNA was prepared in accordance
with the method in Example 4-(3).

More particularly, a DNA fragment, obtained by
digesting a DNA fragment carrying the polypeptide
gene, prepared by the method in Example 7-(2), with
restriction enzymes, and a plasmid fragment, obtained
by cleaving a plasmid pUCIS specimen, prepared by the
method in Example 4-(2), in the same manner, were

ligated with T4 DNA ligase to obtain a recombinant
DNA.

EXAMPLE 9-(2)
Introduction of recombinant DNA into Escherichia coli

The recombinant DNA was introduced in accor-
dance with the method in Example 4-(3) into Escher-
ichia coli IM83 as the host microorganism to obtain a
recombinant microorganism. a

EXAMPLE 9-(3)

Preparation of recombinant DNA from recombinant
microorganism

The recombinant DNA was prepared in accordance
with the method in Example 4-(4).

EXAMPLE 9-(4)
Sequence of recombinant DNA

The polypeptide'gene was sequenced in accordance
with the method in Example 4-(5).
The results are as shown in FIG. 9.
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The signal peptide located upstream of the 5'-site of
the polypeptide gene was sequenced in the same man-
ner.

The results are as shown in FIG. 10.

EXAMPLE 9-(5)
Amino acid sequence of polypeptide
The amino acid sequence of the polypeptide was

16

otic. In each case, microorganism was cultured at 28° C.
for 72 hours. |

Bacillus macerans 17A was cultured with the liquid
culture medium at 28° C. for 72 hours without addition
of antibiotic.

Each culture was treated similarly as in Example 5,
and 1ts CTGase activity was then determined. The re-
sults are as shown in Table 2.

TABLE 2

W

Microorganism

Escherichia coli MAH2 (FERM P-7925)
Bacillus subtilis MAU210 (FERM P-7926)
Escherichi coli HB101

Bacillus macerans 17A

CGTase activity (units/ml)

Supernatant Cell Total
0.6 11.8 124  Present
invention
54.6 0.3 54.9  Present
Invention
0 0 0 Control
Bacillus subtilis TISA 0 0 0 Control
7.5 0.4 1.9 Control

-—'___————-——___—_-_—-—_____

determined with reference to the sequence of the poly-
peptide gene. The results are as shown in FIG. 12.

The amino acid sequence of the signal peptide was
determined in the same manner. The results are as
shown in FIG. 11.

This evidence confirms that the polypeptide derived
from Bacillus macerans has the amino acid sequence as
shown 1n FIG. 12.

The evidence as shown in FIGS. 8 and 12 show that
each polypeptide has the following common amino acid
sequences:

(a) Asn-Lys-Ile-Asn-Asp-Gly-Tyr-Leu-Thr,

(b) Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu,

(¢) Val-Thr-Phe-Ile-Asp-Asn-His-Asp-Mct-Asp-

Arg-Phe,
(d) Ile-Tyr-Tyr-Gly-Thr-Glu-Gln-Tyr-Met-Thr-
Gly-Asn-Gly-Asp-Pro-Asn-Asn-Arg, and

(e) Asn-Pro-Ala-Leu-Ala-Tyr-Gly,
as well as that these partial amino acid sequences (a),
(b), (c), (d) and (e) are located in order of nearness to the
- N-terminal end of the polypeptide. These common se-
quences are underlined in FIGS. 8 and 12.

EXAMPLE 10

Preparation of polypeptide with recombinant
mICroorganism

Polypeptides were prepared with Escherichia coli
MAH2 (FERM BP-2110) and Bacillus subtilis MAU210
(FERM BP-2111) both in which recombinant DNA
carrying the polypeptide gene derived from Bacillus
macerans had been introduced. The polypeptide pro-
ductivities of these recombinant microorganisms, the
host microorganisms without addition of the recombi-
nant plasmid, and the donor Bacillus macerans microor-
gamsm were compared in relation to their CGTase
activity. A liquid culture medium prepared by the
method 1in Example § was used.

Escherichia coli MAH2 was inoculated to the liquid
culture medium additionally containing 50 ug/ml of
ampicillin, while Escherichia coli HB101 was inoculated
- to the liquid culture medium without addition of antibi-
otic. In each case, the microorganism was cultured at
35° C. for 24 hours under vigorous shaking conditions.

Bacillus subtilis MAU210 was inoculated to the liquid
culture medium additionally containing 5 pg/ml of
kanamycin, while Bacillus subtilis 715A was inoculated
to the liquid culture medium without addition of antibi-
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This evidence clearly shows that the recombinant
microorganisms are advantageously usable in industrial-
scale production of polypeptide because they have an
improved polypeptide productivity.

The supernatants were salted out with ammonium
sulfate at a saturation degree of 0.6 to obtain crude
polypeptide specimens.

On studying these crude polypeptide specimens on
their enzymatic properties similarly as in Example 5, the
enzymatic properties of the polypeptide produced by
the recombinant microorganisms were in good accor-
dance with those of the polypeptide produced by the
donor Bacillus macerans microorganism.

Principal uses of the polypeptide will hereinafter be
described.

The polypeptide effects the intra- or intermolecular
saccharide transfer reaction between suitable saccha-
ride donor and saccharide acceptor.

According to one aspect of the present invention,
various saccharide-transferred products can be pro-
duced by taking advantage of these saccharide transfer
reactions.

For example, a partial starch hydrolysate containing
a-, B- and y-cyclodextrins is prepared by subjecting an
amylaceous substance as the substrate, such as starch,
liquefied starch with a Dextrose Equivalent (DE) of
below 10, or amylose, to the action of the polypeptide
utilizing the intramolecular saccharide transfer reac-
tion. Each cyclodextrin can be isolated from the partial
starch hydrolysate, if necessary.

a-Glycosylated saccharide sweetener, for example,
a-glycosyl-, a-maltosyl- and a-maltotriosyl-saccha-
rides, is prepared by subjecting a mixture of a saccha-
ride donor, for example, amylaceous substance such as
starch, liquefied starch, dextrin, cyclodextrin or amy-
lose; and a saccharide acceptor, for example, monosac-
charide such as xylose, sorbose or fructose, or disaccha-
ride such as sucrose, maltulose or isomaltulose, to the
action of polypeptide utilizing the intermolecular sacc-
haride transfer action. The a-glycosylated saccharide
sweetener can be advantageously used in foods and
beverages because the a-glycosylated saccharide sweet-
ener 1s much milder in taste, more soluble in water, but
less crystallizable in comparison with intact saccharide
sweetener. These would expand extremely the use of
saccharide sweeteners.

In the intermolecular saccharide transfer reaction,
the use of a glycoside, for example, steviol glycoside
such as stevioside or rebaudioside, glycyrrhizin,
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soyasaponin, teasaponin, rutin or esculin, as the saccha-
ride acceptor leads to the formation of a-glycosylated
glycosides such as a-glucosyl-, a-maltosyl- and a-mal-
totriosyl-glycosides. The a-glycosylated glycoside is
free of the unpleasant tastes such as bitter- and astrin-
gent-tastes which are inherent to intact glycoside, and
more readily soluble in water than intact glycoside.
These would expand extremely the use of glycosides.
Specifically, a-glycosylated steviol glycoside and a-
glycosylated glycyrrhizin can be advantageously used
in foods, beverages, and pharmaceuticals for peroral
administration because the taste improvement in these
a-glycosylated glycosides is remarkably high, as well as
because their sweetness is comparable to that of su-
Crose.
Several embodiments will be disclosed.

EXAMPLE 11
Corn syrup containing cyclodextrin

A 10 w/w % suspension of potato starch was mixed
with 2 units/g starch of a polypeptide specimen pre-
pared with Bacillus subtilis TCU211 in accordance with
the method in Example 5, liquefied by heating to 85° C.
at pH 6.5, cooled to 70° C., further mixed with the same
amount of the polypeptide specimen, and reacted for 40
hours. The reaction mixture was purified by decolora-
tion using activated carbon and deionization using ion
exchange resin, and then concentrated to obtain a starch
syrup containing cyclodextrin in a yield of 929% based
on the dry solid. The corn syrup can be advantageously
incorporated into flavors and cosmetics wherein fra-
grance or aroma is one of the important factors because
the corn syrup 1s excellent in flavor-locking properties.

The a-, 8- and y-cyclodextrins in the corn syrup can
be separated by treating 1t with a procedure using or-
ganic precipitant, such as toluene or trichloromethane,
or conventional column chromatography.

EXAMPLE 12

a-Glycosylsucrose

A 35 w/w 9% suspension of cornstarch was mixed
with 0.2 w/w % oxalic acid, autoclaved to 120° C. to
give 2 DE of 20, neutralized with calcium carbonate,
and fltered to obtain a dextrin solution. The dextrin
solution was then mixed with a half amount of sucrose
based on the dry solid, and the resultant mixture was
mixed with 15 units/g starch of a polypeptide specimen
prepared with Bacillus subtilis MAU210 in accordance

with the method in Example 10, and reacted at pH 6.0

and 55° C. for 40 hours. The reaction mixture was puri-
fied by decoloration using activated carbon and deion-
1zation using 10n exchange resin, and then concentrated
to obtain a colorless, transparent corn syrup in a yield of
949 based on the dry solid. The corn syrup containing
a large amount of a-glycosylsucrose can be advanta-
geously used in confectioneries because it is mildly

sweet and amorphous.

EXAMPLE 13

a-Glycosyl stevioside

Two-hundred g of stevioside and 600 g of dextrin
(DE 8) were dissolved in 3 liters of water by heating,
and the resultant solution was cooled to 70° C., mixed
with 5 units/g dextrin of a polypeptide specimen pre-
pared with Bacillus subtilis TCU211 in accordance with
the method in Example 3, and reacted at pH 6.0 and 65°
C. for 35 hours. The reaction mixture was then heated
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18
to 95° C. for 15 minutes, purified by filtration, concen-
trated, and pulverized to obtain a pulverulent sweetener
contaming a-glycosyl stevioside in a vield of about 92%
based on the dry solid.

The sweetener, free of the unpleasant taste which is
inherent to intact stevioside, was comparable to sucrose
In taste quality, and the sweetening power of the sweet-
ener was about 100-fold higher than that of sucrose.
The sweetener can be advantageously used as a diet
sweetener or to season foods and beverages because of
its low-cariogenic and low-calorific properties.

EXAMPLE 14
a-Glycosyl ginsenoside

Sixty g of a ginseng extract and 180 g of 8-cyclodex-
trin were dissolved in 500 ml of water by heating, and
the resultant mixture was cooled to 70° C., adjusted to
pH 6.0, mixed with 3 units/g B-cyclodextrin of a poly-
peptide specimen prepared with Escherichia coli
‘TCH201 in accordance with the method in Example 5,
cooled to 65° C., and reacted to pH 6.0 for 40 hours.
The reaction mixture was heated for 15 minutes to inac-
tivate the polypeptide, followed by filtration. The fil-
trate was admitted to a column packed with 3 liters of
“Amberlite XAD-7", a synthetic adsorbent commer-
cialized by Rohm & Haas Co., Philadelphia, Pa., USA;
thereafter, the column was sufficiently washed with
water to remove free saccharides. To the column was
then admitted 10 liters of 50 v/v % ethanol, and the
eluate was concentrated and dehydrated to obtain about
21 g of a pulverulent product that contains a-glycosyl
ginsenoside. Since the product is free of the unpleasant
tastes such as bitter-, astringent- and harsh-tastes which
are inherent to intact ginsenoside, the product can be
perorally administered intact, or, if necessary, seasoned
with any sweetener or sour, prior to its use. In addition,
the product can be advantageously used in health foods
and medicines for internal administration because the
product possesses invigorating, peptic, intestine-
regulating, haematic, anti-inflammatory and expecto-
rant effects as intact ginsenoside does.

As described above, the present inventors determined
the sequences of the CGTase polypeptide gene and its
signal peptide, and prepared the recombinant DNA
having a Pvull restriction site from a donor microor-
ganism by in vitro genetic engineering techniques. Fur-
thermore, the present inventors prepared recombinant
microorganisms in which the recombinant DNA is in-
troduced, as well as confirming that the recombinant
microorganisms autonomically and consistently prolif-
erate in a nutrient culture medium.

In view of adequately supplying polypeptide, the

present invention is industrially significant because the

present invention assures a wide polypeptide source and
easily improves the polypeptide productivity of donor
mMICroorganisms.

While there has been described what is at present
considered to be the preferred embodiments of the in-
vention, it will be understood that various modifications
may be made therein, and it is intended to cover in the
appended claims all such modifications as fall within the
true spirit and scope of the invention.

We claim:

1. A polypeptide possessing cyclomaltodextrin
glucanotransferase (CGTase) activity, comprising one
or more partial amino acid sequences selected from the
group consising of
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(a) Asn-Lys-lle-Asn-Asp-Gly-Tyr-Leu-Thr,
(b) Pro-Val-Phe-Thr-Phe-Gly-Glu-Tri-Phe-Leu,

(c) Val-Thr-Phe-Ile-Asp-Asn-His-Asp-Met-Asp-
Arg-Phe,
(d) lle-Tyr-Thr-Gly-Thr-Glu-Gin-Tyr-Met-Thi-

Gly-Asn-Gly-Asp-Pro-Asn-Asn-Arg, and
(e) Asn-Pro-Ala-Leu-Ala-Tyr-Gly.
2. The polypeptide in accordance with claim 1,

N

20

3. The polypeptide in accordance with claim 1, which
shows a molecular weight of 70,0003 10,000 daltons on
SDS-polyacrylamide electrophoresis.

4. The polypeptide in accordance with claim 1,
whose N-terminal sequence is Ala-Gly-Asn-Leu-Asn-
Lrs-Val-Asn-Phe-Thr.

5. The polypeptide in accordance with claim 4, which
has the following amino acid sequence:

—“-__—_‘-_—-_——__—“____-—-—____——'_—_‘__

1 2 3 4

S

6 7 8 9 10 11 12 13 14 15

1>
16>

31>
46>

6l >
76>
91>
106 >
121>
136>
151>
166>
181>
196>
211>
226>
241>
256>
271>
286>
301>
316>
331>
346>
361>
376>
391 >
406>
421>
436>
451 >
466 >
481>
496>
511>
526>
541>
556>
571>
586>
601>
616>
631>
646>
661>
676>

Ala
Gln
Pro
Tyr
Gly
Pro
Ala
Pro
Ala
His
Gly
ASp
Ser
Leu
Val
Ala
Glu
Leu
Glu
Arg
Gln
Gin
Asp
Leu
Tyr
Ser
Ser
Giu
Phe
Ser
Thr
Gin
Gly
Ile
Val
Lys
Gln
Ile
Asn
Val
Gly
Gly
e
Ile
Asn
Val

Gly
Ile

Ser
Cys
Tyr
Val
Ser
Phe
His
Thr
Arg
Ala
Leu
Asn
Lys
Val
Ile

Ser
Ser
Gln
Met
Val
Gly
Thr
Met
Phe
Ser
Giln
Gly
Asn
Tyr
Val
Glu
Ile

Thr
Phe
lle

Thr
Phe
Asn
Asn
Pro
Asp
Lys
His
AsSp

Asn
Val
Gly
Gly
Leu
Glu
Tyr
Phe
Ala
Ser
Leu
Asn
Glu
His
Met
Lys
Asp
Glu
Gly
Val
Ile
Thr
Gly
Ser
Thr
Asn
Leu
Arg
Lvs
Tyr
Thr
Gly
Val
Gly
Ille
Gily
Val
Val
Glu
Asn
Val
Met
Val
Lys
Val
Trp

Leu
Val
Ala
Gly
Thr
Asn
His

Gly
Lys
Pro
Tyr
Met
Asp
Gln
Trp
His

Asn
Asn
Met
Leu
Gln
Phe
Asp
Arg
Gly
Lys
Arg
Trp
AsSp
Ser

Asp
Ser

Gly
His

AsSp
Thr
Val

Gln
Val

Ala
Tyr
Phe
Ser

Asp
Tyr
Gln

Asn
Asp
Leu
Asp
Asp
Val
Gily
Thr
Gly
Ala
Asp
Tyr
Gly
Asn
Ile
Met
Tyr
Glu
Ser
Arg
ASp
Ile
Pro
Gly
Asn
AsSn
Arg
Hle
Val
Ile
Gln
Asn
Val
Val
Gly
Thr
Ala
Ser
Leu
Thr
Glu
Asn
Val
Ser
Thr
Asn

Lys
Arg
Phe
Trp
Met
Phe
Tyr
Leu
Ile
Ser
Asn
Phe
Ile
Pro
Asp
Pro
Arg
Val
Leu
Asn
Thr
Asp
Arg
Val
Gly
Thr
Asn
Asn
Val
Thr
Leu
Gly
Trp
Gly
Gilu
Ala
Val
Ser
Thr
Thr
Leu
Gin
Pro
Gln
Thr

Val
Phe
Ser
Glin
Gly
Ser
Trp
Ser
Lys
Glu
Gly
His
Tyr

Val

Met
Phe
Pro
Asp
leu
Asn
Ala

Asn
Lys
Pro
Asp
Arg
Asn
Gly
Leu
Gly
Gly
Ser

Ala
Pro
Gly
Ala
Pro
Ser

Asn
Asn
Gly
Val

Glu
Gly
Pro

Asn
Val
Ser
Gly
Val
Val
Ala
Asp
Val
Thr
Thr
His
Arg
He
Gly
Gly
Val
Ala
Asp
Ser
Ser
His
Val
Asn
Pro
Ala
Pro
Asp
Val
Leu
Gly
Val
Tyr
Met
Phe
Asn
Asn
Gly
ASp
Leu
Asn
Val
Gly
Asn
Thr

Phe
ASp
Gly
lie
Thr
Met
Arg
Phe
Ile
Asn
Leu
Asn
Asn
Asp
Ile
Trp
Phe
Asn
Phe
Asp
Ala
Asp
Asp
Ile
Asn
Tyr
Ala
Val
Arg
Phe
Leu
Asn
Ser
Met
Gly
Val
Val
Gln
Gln
Gly
Trp
Tyr
Lys
Val
Asn

Thr
Gly
Cys
Ile
Ala
Asn
Asp
Gin
Ile
Pro
lLeu
Gly
Leu
Arg
Asp
Gin
Thr
Asn
Arg
Asn
Tyr
Met
Met
Tyr
Asn
Gln
Leu
Tyr
Val
Thr
Leu
Ala
Ala
Gly
Thr
Val
Ser
Thr
Val
Gln
Asp
Ser
Thr
Thr
Thr

Ser
Asn
Thr
Asn
Ile
Asp
Phe
Arg
Asp
Ser
Gly
Gly
Phe
Tyr

Gly

Lys
Phe
His
Phe
Trp
ASp
Asp
Ala
Tyr
Arg
Val
Ala
Val
Asn
Ala
Asp
Phe
Thr
Gln
Asn
Ser
Pro
Ser
Ser
AsSDn
Thr
Tyr
Ile
Trp
Thr

Asp
Thr
Asn
Lys
Trp
Ala
Lys
Leu
Phe
Tyr
Gly
Thr
Asp
Leu
e
Ser
Gly
Tyr
Gly
Tyr
Glu
Arg
Leu
Gly
Lys
Ile
Tyr
Tyr
Arg
Leu
Gly
Asp
Glu
Val
Thr
Trp
Gly
Ala
Val
Ile
Ser
Pro
Glu
Gilu
Gly

Val
Ser
Leu
Ile
{le
Ser
Lys
Val
Ala
Met
Tyr
Thr
Leu
Lys
Arg
Leu
Glu
Phe
Gln
Gly
Val
Phe
Ala

Ser

Gly
Gly
Ser

Lys
Ala
Arg
Tyr
Lys
Thr
Phe
Ser

Lys

Val
Asn
Arg
Asn
Ser
Gly
Pro
Asp
Pro
Glu
Thr
Phe
Ala
Asp
Met
Met
Trp
Ala
Lys
Phe
Leu
Met
Val
Glu
Met
Lys
Asp
Arg
Ser
Ala
Thr
Gly
Thr
His
Thr
Asn
Tyr
Tyr
Phe
lie
Ala
Trp
Lyvs
Giy
Ile

Tyr
Asn
Lys
Asp
Gin
Ser
Asn
Ala
Asn
Asn
Asn
Ser
Asp
Ala
Asp
Asp
Phe
Asn
Leu
Asn
Asp
Ile
Leu
Gln
Ser
Leun
Thr
Gln
Ser
Gly
Ile
Pro
Pro
Gln
Val
Asn
Asnh
Asp
Val
Val
Ile
Tyr
Phe
Ser
Ile

—*——_-—_____"'——'-_-_'_"—“——-_*——-—_--_——____

wherein said partial amino acid sequences of
(a) Asn-Lys-Ile-Asn-Asp-Gly-Tyr-Leu-Thr,
(b) Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu,
(c) Val-Thr-Phe-lle-Asp-Asn-His-Asp-Met-Asp-
Arg-Phe,
(d) Ile-Tyr-Tyr-Gly-Thr-Glu-Gln-Tyr-Met-Thr-
Gly-Asn-Gly-Asp-Pro-Asn-Asn-Arg, and
(e) Asn-Pro-Ala-Leu-Ala-Tyr-Gly
are located in order or relative nearness to the N-termi-
nal end of said polypeptide, such that (a) is nearer to the
N-terminal end than (b), (b) is nearer than (c), (c) is
nearer than (d) and (d) i1s nearer than (e).

35

6. The polypeptide in accordance with claim 4,
wherein a signal peptide having an amino acid sequence
of Met-Arg-Arg-Trp-Leu-Ser-Leu-Val-Leu-Ser-Met-
Ser-Phe-Val-Phe-Ser-Ala-Ile-Phe-1le-Val-Ser-Asp-
Thr-Gln-Lys-Val-Thr-Val-Glu-Ala is located upstream
at the N-terminal side of said polypeptide.

7. The polypeptide in accordance with claim 1,
whose N-terminal sequence is Ser-Pro-Asp-Thr-Ser-
Val-Asn-Asn-Lys-Leu.

8. The polypeptide in accordance with claim 1, which
has the following amino acid sequence:

] 2 3 4

d

6 7 8 9 10 1 12 13 14 15

—-—n-———_-—-————__—__—__________“_____________ﬂ—_:—_

I> Ser Pro Asp Thr Ser Val Asn Asn Lys Leu Asn  Phe Ser Thr Asp
16> Thr Val Tyr GIn lle Val Thr Asp Arg Phe Val Asp Gly Asn  Ser
31> Ala Asn Asn Pro Thr Gly Ala Ala Phe Ser Ser Asp His Ser Asn
46> Leu Lyvs Lew Tyr Phe Gly Gly Asp Trp Gln Gly lle Thr Asn Lys
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-continued

22

W

] 2 3 4 3 6 7 8 9 10

11 12 13 14 15

W_

61> Ile Asn  Asp Gly Tyr Lew Thr Gly Met Gly Ile Thr Ala Leu Trp
76> lle Ser Gln Pro Val Gly Asn lle Thr Ala Val e Asn Tyr Ser
91> Gly Val Asn Asn Thr Ala Tyr His Gly Tyr Trp Pro Arg Asp Phe
106> Lys Lys Thr Asn Ala Ala Phe Gly Ser Phe Thr Asp Phe Ser Asn
121> Leu He Ala Ala Ala His Ser His Asn Ile Lys Val Val Met Asp
136> Phe Ala Pro Asn His Thr Asn Pro Ala Ser Ser Thr Asp Pro Ser
151> Phe Ala Glu Asn Gly Ala Leu Tyr Asn Asn Gly Thr Leu Len Gly
166> Lys Tyr Ser Asn Asp Thr Ala Gly Leu Phe His His Asn Gly Gly
181> Thr Asp Phe Ser Thr Thr Glu Ser Gly Ile Tyr Lys Asn Leu Tyr
196> Asp Leu Ala Asp Ile Asn Gln Asn Asn Asn Thr Ile Asp Ser Tyr
211> Leu Lys Glu Ser Hle Gln Leu Trp Leu Asn Leu Gly Val Asp Gly
226> Hlle Arg Phe Asp Ala Val Lys His Met Pro Gln Gly Trp Gin Lys
241> Ser Tyr Val Ser Ser Ile Tyr Ser Ser Ala Asn Pro Val Phe Thr
256> Phe Gly Glu Trp Phe Leu Gly Pro Asp Glu Met Thr Gln Asp Asno
271> Ile Asn Phe Ala Asn Gln Ser Gly Met His Leu Leu Asp Phe Al
286> Phe Ala Gln Glu Ile Arg Glu Val Phe Arg Asp Lys Ser Glu Thr
301> Met Thr Asp Leu Asn Ser Val Ile Ser Ser Thr Gly Ser Ser Tyr
316> Asn Tyr Ile Asn Asn Met Val Thr Phe Ille Asp Asn His Asp Met
331> Asp Arg Phe GIn Gln Ala Gily Ala Ser Thr Arg Pro Thr Glu Gin
346> Ala Leu Ala Val Thr Leu Thr Ser Arg Gly Val Pro Ala Ile Tyr
361> Tyr Gly Thr Giu Gln Tyr Met Thr Gly Asn Gly Asp Pro Asn  Asn
376> Arg Gly Met Met Thr Gly Phe Asp Thr Asn Lys Thr Ala Tyr Lys
391> Val lle Lys Ala Leu Ala Pro Lleu Arg Lys Ser Asn Pro Ala Len
406> Ala Tyr Gly Ser Thr Thr Gln Arg Trp Val Asn Ser Asp Val Tyr
421> Val Tyr Gilu Arg Lys Phe Gly Ser Asn Val Ala Leu Val Ala Val
436> Asn Arg Ser Ser Thr Thr Ala Tyr Pro Ite Ser Gly Ala Leu Thr
451> Ala Leu Pro Asn Gly Thr Tyr Thr Asp Val Leu Gly Gly Leu Leu
460> Asn Gly Asn Ser lle Thr Val Asn Gly Gly Thr Val Ser Asn Phe
481> Thr Leu Ala Ala Gly Gly Thr Ala Val Trp Gln Tyr Thr Thr Thr
496> Glu Ser Ser Pro Ile Ile Gly Asn Val Gly Pro Thr Met Gly Lys
511> Pro Gly Asn Thr Ile Thr Ile Asp Gly Arg Gly Phe Gly Thr Thr
526> Lys Asn Lys Val Thr Phe Gly Thr Thr Ala Val Thr Gly Ala Asn
541> lle Val Ser Trp Glu Asp Thr Glu e Lys Val Lys Val Pro Asn
556> Val Ala Ala Gly Asn Thr Ala Val Thr Val Thr Asn Ala Ala Gly
571> Thr Thr Ser Ala Ala Phe Asn Asn Phe Asn Val Leu Thr Ala Asp
586> GIn Val Thr Val Arg Phe Lys Val Asn Asn Ala Thr Thr Alz Leu
601> Gly GIn Asn Val Tyr Lew Thr Gly Asn Val Ala Glu Len Gly Asn
616> Trp Thr Ala Ala Asn Ala Ile Gly Pro Met Tyr Asn Gln Val Glu
631> Ala Ser Tyr Pro Thr Trp Tyr Phe Asp Val Ser Val Pro Ala Asn
646> Thr Ala Leu GIln Phe Lys Phe Ile Lys Val Asn Gly Ser Thr Val
661> Thr Trp Glu Gly Gly Asn Asn His Thr Phe Thr Ser Pro Ser Ser
676> Gly Val Ala Thr Val Thr Val Asp Trpo Gln Asn

9. The polypeptide 1n accordance with claim 8,
wherein a signal peptide having an amino acid sequence 40
of Met-Lys-Lys-Gln-Val-Lys-Trp-Leu-Thr-Ser-Val-
Ser-Met-Ser-Val-Gly-Ile-Ala-Leu-Gly-Ala-Ala-Leu-
Pro-Val-Trp-Ala is located upstream at the N-terminal
side of said polypeptide.

10. The polypeptide 1n accordance with claim 1, pro- 45
duced by a microorganism of species Bacillus stearother-
mophilus. | |

11. The polypeptide in accordance with claim 1, pro-
duced by a microorganism of species Bacillus macerans.

12. The polypeptide in accordance with claim 1, pro- 50
duced by a recombinant microorganism in which a
recombinant DNA carrying CGTase gene has been
mtroduced.

13. A process for producing a polypeptide in accor-
dance with claim 1, comprising: 55
culturing with a nutrient culture medium a recombi-
nant microorganism having a recombinant DNA
carrying isolated structural and promoter genes
coding for the expression of said polypeptide; and

recovering the accumulated polypeptide. 60

14. The process in accordance with claim 13, wherein
said recombinant microorganism is of the genus Escher-
ichia or Bacillus.

15. The process in accordance with claim 13, wherein
said recombinant microorganism is a member selected 65
from the group consisting of Escherichia coli TCH201
(FERM BP-2109) or Escherichia coli MAH2 (FERM

BP-2110).

16. The process in accordance with claim 13, wherein
said recombinant microoroganism is a member selected
from the group consisting of Bacillus subtilis MAU210
(FERM BP-2111) and Bacillus subtilis TCU211 (FERM
BP-2112).

17. DNA consisting essentially of DNA coding for a
polypeptide possessing cyclomaltodextrin glucano-
transferase (CGTase) activity, comprising one or more
partial amino acid sequences selected from the group
consisting of

(a) Asn-Lys-lIle-Asn-Asp-Gly-Tyr-Leu-Thr,

(b) Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu,

(c) Val-Thr-Phe-lle-Asp-Asn-His-Asp-Met-Asp-

Arg-Phe, |
(d) lle-Tyr-Tyr-Gly-Thr-Glu-GlIn-Tyr-Met-Thr-
Gly-Asn-Gly-Asp-Pro-Asn-Asn-Arg, and

(e) Asn-Pro-Ala-Leu-Ala-Tyr-Gly.

18. DNA consisting essentially of DNA coding for
the polypeptide in accordance with claim 5.

19. DNA consisting essentially of DNA coding for
the polypeptide in accordance with claim 8.

20. DNA in accordance with claim 17, wherein said
DNA is recombinant DNA carrying isolated structural
and promoter genes coding for the expression of said
polypeptide, wherein said structura! and promoter
genes have been isolated from a donor microorganism
of the genus Bacillus.

21. The recombinant DNA in accordance with claim
20, wherein said donor microorganism is of the species
Bacillus stearothermophilus.
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22. A biologically-pure culture of a recombinant mi-
croorganism having a recombinant DNA which in-
cludes DNA 1n accordance with claim 17.

23. The culture 1n accordance with claim 22, wherein
said recombinant microorganism is of genus Escher-
tichia or Bacillus.

24. The culture in accordance with claim 22, wherein
sald recombinant microorganism is a member selected
from the group consisting of Escherichia coli TCH201
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(FERM BP-2109) or Escherichia coli MAH2 (FERM
BP-2110).

25. The culture in accordance with claim 22, wherein
said recombinant microorganism is a member selected
from the group consisting of Bacillus subtilis MAU210
(FERM BP-2111) and Bacillus subtilis TCU211 (FERM
BP-2112).

X %X %x x x
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